One hundred years after Carlos Chagas identified and described infection with Trypanosoma cruzi, there are still millions of people infected with it, and thousands of new cases of Chagas disease (CD) are being diagnosed each year. The scientific community, although in an intermittent manner, has increased the knowledge and understanding of how to manage patients with chronic CD infection (PAHO 2005) . Nonetheless, much research is still needed to improve care and to answer many of the unknown questions regarding this debilitating and widespread disease. In the Americas, there are approximately eight million patients suffering from the chronic phases of CD (PAHO/WHO 2006) . Myocarditis secondary to CD is the most common form of non-ischemic cardiomyopathy worldwide (Feldman & McNemara 2000) . CD can also result in other manifestations, such as pathologies in the gastrointestinal tract (megaesophagus and megacolon) or disorders of the central and peripheral nervous system. Clinical manifestations of the chronic phase were extensively described a century ago by Carlos Chagas (Chagas 1911) . The most recent figures provided by the World Health Organization indicate that about two million infected individuals have cardiomyopathy (PAHO/WHO 2006) . Currently, the main challenges related to the control of CD lie in three areas: (i) consolidating and maintaining control of endemic disease by implementing sustainable epidemiological surveillance programs; (ii) providing effective medical care and social attention to individuals who are already infected and (iii) conducting research to support and guide the first two tasks. For example, studies are needed to produce better surveillance tools, to develop new anti-parasitic drugs and to establish better management plans for disease manifestations (including heart disease and other manifestations) (Pinto Dias 2006) .
The goal of specific treatment for T. cruzi infection is to eliminate the parasite from the infected individual, to decrease the probability of developing illness (CD) and to break the chain of disease transmission (Sosa-Estani & Segura 2006) . In this paper, we present the experiences and contributions, of primarily Argentinean researchers and others, regarding therapy, diagnosis and prognosis of patients in the chronic phase of infection with T. cruzi.
We conducted a review based on MEDLINE searches using the term "Chagas disease" with the subheadings diagnosis, prognosis, treatment, drug names (nifurtimox, benznidazole) and clinical trials. Recent guidelines by expert committees were also consulted.
Diagnosis of infection in the chronic phase
Without treatment and independent of the route of transmission, the natural history of CD is a decrease in parasitemia 90 days after infection to the point that the parasite is undetectable by direct microscopy. From this phase on, the primary method for diagnosis is serologi-cal testing, while the secondary diagnostic techniques are parasitological tests.
Serological methods underwent intensive development in Argentina during the 1960s and 1970s, resulting in the development of complement fixation (Muniz & Freitas 1944 , Cerisola & Rosembaum 1958 , the indirect immunofluorescence assay (IFA) (Alvarez et al. 1968) , and the indirect hemagglutination assay (IHA) (Cerisola et al. 1962 , Vattuone & Yanovsky 1971 . Furthermore, during the 1980s, the enzyme immune assay (EIA) was added as another serological test using known recombinant antigens (Cura et al. 1993 , Caballero et al. 2007 . At the end of the 1960s, Cerisola et al. (1969) suggested the use of at least two different serologic tests to establish CD diagnosis. Specifically, guideline recommendations were to perform a third assay or repeat sampling to confirm or exclude the diagnosis if two serological tests were in disagreement (WHO 2002) . During the 1980s, intense collaborative efforts resulted in a regional consensus for diagnosis and treatment (Camargo et al. 1986 ).
Other methods, such as rapid tests that screen for anti-T. cruzi antibodies in whole blood and serum using the immunochromatographic screening test, have been assessed and have been found to have varying degrees of performance , Ponce et al. 2005 . Programs to conduct population-based screening have been successful in diagnosing more cases in the chronic phase (Rosembaum & Cerisola 1961 , Sosa-Estani 2005 .
Parasitological tests such as xenodiagnosis (Cerisola et al. 1971) , haemoculture (Abramo Orrego et al. 1980 ) and, more recently, the detection of parasite DNA using polymerase chain reaction (PCR) (Avila et al. 1991 , Britto et al. 1995 , Silber et al. 1997 , Schijman et al. 2000 are useful during the chronic phase of T. cruzi infection, although these methods are significantly less sensitive than serological testing for diagnosis during the chronic phase. The xenodiagnosis method that has been used for decades (Pedreira de Freitas 1950 , Schenone et al. 1968 , Cerisola et al. 1971 ) is now practically restricted to use in isolating parasites in research laboratories due to its complexity. Assays based on PCR, which detect T. cruzi nucleic acids, have proven to be useful for verification of parasite persistence in the host, particularly for the assessment of the effectiveness of antiparasitic treatment (Britto et al. 1995 , Schijman et al. 2000 . Currently, a process to standardise and validate PCR for clinical use in CD is being investigated under the coordination of TDR-WHO (TDR 2008) .
Identification of parasites by microscopy, haemoculture or PCR-based methods provides a definitive diagnosis of CD. However, the level of parasitemia required for detection by these methods limits their sensitivity and a negative result does not confirm a negative diagnosis. Even current, first-line diagnostic tools for the primary diagnosis of infection in immunocompetent individuals in the chronic phase mainly use indirect techniques (for example, detection of antibodies by a serological test). It is necessary to develop tools with a high sensitivity that can demonstrate the presence of the parasite during the chronic phase of CD.
Prognosis of the chronic chagasic cardiomyopathy
Chagasic cardiac disease has been intensively studied in Argentina in both clinical and epidemiological studies (Rosenbaum & Cerisola 1961 , Rosenbaum 1964 , Chiale et al. 1984 , Lazzari et al. 1998 .
The prognosis of patients with heart failure or advanced stages of chagasic cardiomyopathy is poor , but similar to the prognosis of patients who develop heart failure for other reasons. Because the disease is chronic and heart damage develops over decades, it is very important to recognise factors that are determinants of disease progression in the early stages (Viotti et al. 2005 ). Indicators of risk or progression of chronic chagasic cardiomyopathy can be divided into clinical, serological and socioeconomic categories.
Clinical indicators -Several clinical studies in Argentina have contributed to the clinical detection of disease, demonstrating techniques to differentiate between the prognoses of patients without obvious heart disease and those with mild chagasic cardiomyopathy. Clinical studies with long-term cohorts of patients have been able to detect and determine disease severity and progression according to serology reactivity, electrocardiographic (ECG) changes and chest x-ray or echocardiogram findings.
Of the different classifications, the Kuschnir classification (Kuschnir et al. 1985) has been the most commonly used. It includes the following categories: Group 0: reactive serology, normal ECG and normal chest x-ray/ echocardiogram; Group I: reactive serology, abnormal ECG and normal chest x-ray/echocardiogram; Group II: reactive serology, abnormal ECG and increased cardiothoracic index or left diastolic diameter by chest x-ray/ echocardiogram, but without signs or symptoms of heart failure and Group III: reactive serology, abnormal ECG and an increased cardiothoracic index or left diastolic diameter by chest x-ray/echocardiogram with signs and/ or symptoms of heart failure.
ECG changes or new ECG abnormalities during clinical follow-up are the simplest and therefore the most commonly used, tool in medical care and clinical research. Although chronic CD may be the probable etiology of some of the abnormal findings, there are other common ECG disorders in the seronegative population of the same age group (Viotti et al. 1994) . Therefore, if ECG monitoring is to be used as the primary tool for disease detection and progression, ECG abnormalities that are considered a sign of Chagas heart disease are clearly defined: (i) complete right bundle branch block and left anterior fascicular block; (ii) complex ventricular arrhythmias and sustained ventricular tachycardia; (iii) supraventricular tachyarrhythmias (atrial fibrillation, atrial flutter and atrial tachycardia); (iv) second degree type II and complete A-V blocks; (v) sinus bradycardia < 50 beats per minute and (vi) the presence of a permanent pacemaker.
ECG abnormalities probably unrelated to CD include the following: (i) incomplete right bundle branch block; (ii) disorders of ventricular repolarisation; (iii) isolated supraventricular and ventricular premature contractions; (iv)first degree and second degree type I A-V blocks and (v) sinus bradycardia < 50 beats per minute.
Other clinical indicators can be detected by echocardiography (i.e., enlargement of left ventricular diameters, global systolic dysfunction and E-point septal separation) or by exercise stress testing (assessment of ventricular arrhythmias) (Viotti et al. 2006b ).
The main clinical prognostic factors identified in CD include the following: (i) electrical conduction abnormalities (right bundle branch block and left anterior fascicular block) are associated with a two-fold increase in the likelihood of disease progression compared to patients without such ECG abnormalities (Viotti et al. 2005) ; (ii) an increase in left ventricular diastolic and systolic diameters detected by echocardiography also predicts a two-fold increase in the likelihood of progression of heart disease ) and (iii) severe systolic dysfunction and E-point septal distance greater than 20 mm predict the onset of heart failure in patients with previous asymptomatic left ventricular dysfunction .
History of an episode of sustained ventricular tachycardia indicates a three-fold increase in the likelihood of CD progression (Viotti et al. 2005) .
Ventricular arrhythmias during stress testing were also predictors of worsening disease from a clinical point of view (Viotti et al. 2006b) .
A clinical score based on the risk of progression of heart disease has shown an adequate capacity to differentiate varying prognoses of patients with chronic CD (Viotti et al. 2005) .
Serological indicators -The persistence of three reactive conventional serological tests over 10 years or more of follow-up is related to a greater likelihood of progression of heart disease than the likelihood of heart disease progression associated with patients who have a partial or complete negative seroconversion. This usually happens after treatment of the underlying infection but, in a few cases, has happened spontaneously (Viotti et al. 1994 , 2006a , Gallerano & Sosa 2000 , Fabbro et al. 2007 ).
A decrease in the level of antibody titres seems to precede conversion to seronegativity and has the same meaning from a clinical point of view, although both require long-term serological follow-up.
Socioeconomic indicators -There are few publications that assess socioeconomic indicators; however, the general consensus of researchers supports the concept that having low socioeconomic status is a major factor in the emergence, evolution and progression of CD . Patients who do not complete a primary education have a higher rate of disease progression than those who complete more education (Fig. 1A) . A shorter time of residence within an endemic area or at the house where the infection was acquired can facilitate the conversion to seronegativity and better clinical outcomes, possibly due to the lower chance of re-infection and, consequently, a lower parasitic load (Storino et al. 2002) . In addition, economic indicators that are associated with the persistence and activity of urban chronic CD include overcrowding and a lack of health insurance ).
Biomarkers of progression
Biomarkers to predict the progression to disease are considered a priority area of research in CD (TDR-WHO 2005) . To date, studies have demonstrated both increased titres of s-VCAM-1 and s-P-selectin and a positive association between disease severity and levels of s-P-selectin in chronically infected patients (Laucella et al. 1996) .
Similarly, research on specific immunity has shown that the frequency of IFN-gamma-producing T cells in patients with chronic CD is associated with a history of recent exposure and the clinical picture where responses to a parasite lysate revealed a very high frequency of responders among patients with mild clinical disease and a very low frequency of responders among those with the most severe form of the disease ). An analysis of CCR7 expression revealed a significant increase in total effector/memory CD8 + T cells in subjects with mild heart disease compared with uninfected controls. These results are consistent with the hypothesis of a gradual clonal exhaustion in the CD8 + T cell population, perhaps as a result of continuous antigenic stimulation by persistent parasites (Albareda et al. 2006) . On the other hand, the specific response has also been shown to select for sublineage clones of T. cruzi leading to the development of chagasic cardiomyopathy (Venegas et al. 2009 ). Several studies have revealed a positive association between tissue parasitism and the severity of inflammation. Furthermore, some researchers consider the presence of parasites in heart tissue to be necessary for maintaining an inflammatory response causing tissue damage ).
Other studies looking at biomarkers have found autoantibodies that are reactive against the second extracellular loop of the human heart beta-1 adrenoceptor and the M2 cholinoceptor by testing with synthetic peptides using immunoblotting and EIAs. Also, the corresponding affinity-purified anti-peptide antibodies displayed an agonist-like activity associated with specific receptor activation. A strong association has been demonstrated in patients with chronic disease between circulating anti-peptide M2 mAChR autoantibodies and the presence of a low heart rate variability index, bradycardia and cardiac or esophageal autonomic dysfunction. These findings suggest that the anti-peptide antibodies are suitable biomarkers for cardiac neuromyopathy and achalasia (Sterin-Borda & Borda 2000 , Gazinelli et al. 2008 ).
Etiological treatment
In 1937, Salvador Mazza tested bisquinaldine and demonstrated its anti-T. cruzi activity. Since then, several other compounds have been tested with the intent of finding alternative treatments for T. cruzi infection . At the end of the 1960s, an international clinical trial was conducted to assess the efficacy of nifurtimox and benznidazol (generic names). Several researchers had recommended administering treatment during the acute phase and in the chronic phase (Cerisola 1977) . In Argentina, it was recommended that all infected patients should receive treatment and that all immigrants should be tested and treated if infected. During that time, nifurtimox was the drug of choice. However, in 1983, a panel of experts reversed these recommendations, suggesting that treatment not be administered during the chronic phase of infection (Brener 1984) . The concept that cardiac manifestations of the chronic phase of CD were unrelated to the presence of T. cruzi was then widespread in the international medical community (Cossio et al. 1974) . The change in perspective on this issue in the 1980s arose from several sources: (i) the hypothesis of an autoimmune pathogenesis of chronic Chagas heart disease (Cunha-Neto at al. 1995, Kierszenbaum 1999); (ii) poor and inconsistent findings of circulating parasite in blood samples and (iii) an absence of clinical or biological indicators of the treatment efficacy of anti-parasitic drugs for short and medium courses (Cançado 1999) . Twenty years of silence in research endeavors directed at CD ensued as a result of this shift in paradigm about the usefulness of these drugs to treat patients in the chronic phase. The indications for anti-parasitic treatment in the chronic phase have remained controversial for many years.
There were, however, pockets of persistent use of drugs, mostly benznidazole rather than nifurtimox, during the 1980s, and follow-up studies have shown effectiveness during the chronic phase. During the 1990s, long-term follow-up was carried out mainly by observational studies (Viotti et al. 1994 , 2006a , Moretti et al. 1998 , Gallerano & Sosa 2000 , Fabbro at al. 2007 ) and two randomised clinical trials in children were also performed (de Andrade et al. 1996 , Sosa-Estani et al. 1998 .
Effectiveness against infection (secondary prevention level)
Studies assessing efficacy against infection are summarised in Table I . Demonstration of anti-parasitic effects after treatment can be performed by the detection of antibodies, parasites and/or parasite DNA. The success of the treatment is determined by the disappearance of antibodies using serological tests, while therapeutic failure is determined by the persistence of the parasite using parasitological methods. The following must also be considered for monitoring treatment success: (i) the age of the patient when he/she received the treatment; (ii) the time elapsed between treatment and follow-up and (iii) the region where the patient was infected (SosaEstani & Segura 2006).
For example, when trypanocidal treatment is used for adult patients in the late chronic phase, no decrease in antibody titre is observed at short-term follow-up (Cerisola 1977 , Cançado 2002 , while long-term follow-up studies have shown higher serological negativization rates (Moretti et al. 1998 , Viotti et al. 2006a , Fabbro et al. 2007 . A decline in antibody titres may be seen after five or more years depending on the age of the patient when treatment was received and the length of the period between treatment and testing. "Cure" rates (negative serologies) of 8-40% have been reported in the late chronic phase in adult patients by investigators who were able to follow up for a long period of time (about 10-20 years) (Moretti et al. 1998 , Gallerano & Sosa 2000 , Viotti et al. 2006a , Fabbro et al. 2007 ). Conversely, the rate of serological negativisation (effectiveness) can reach up to 70% in children (early chronic infection) (de Andrade et al. 1996 , Russomando 1998 , Sosa-Estani et al. 1998 , 2002 , Streiger et al. 2004 .
The fall in antibody titres after treatment in children is faster than in adults, even if this fall does not cross the cut-off to become considered non-reactive. The decrease in antibody titres is significant during the early months after treatment, three months to EIA and IFA, and six month IHA (de Andrade et al. 1996 , Sosa-Estani et al. 1998 . Young children with longer term follow-up have higher rates of seroconversion after treatment than children with short-term follow-up and a similar result is found when comparing the seroconversion rates of adult patients with longer term follow-up and the rates of adult patients with short-term follow-up ( Fig. 2A) . In summary, the age of the patient when treated and the length of follow-up are fundamental considerations in the assessment of the treatment efficacy.
Others methodologies to evaluate the effectiveness of anti-parasitic treatments have been tested by several groups in Argentina and in other countries in the Americas. The following is a list of some of these methodologies: (i) lytic antibodies (Galvão et al. 1993) ; (ii) recombinant antigens (Krautz et al. 1995 , Sosa-Estani et al. 1998 , Sanchez-Negrete at al. 2008 ); (iii) purified mucin-like glycoconjugate from cell-cultured trypomastigotes or flagellar antigen for serological tests (de Andrade et al. 1996 , Moretti et al. 1998 , Almeida et al. 1999 ); (iv) monitoring plasma levels of the adhesion molecule p-selectin (Laucella et al. 1999 ) and (v) specific cellular immune response to interferon gamma ). All of these have been published, but a consensus has not yet been reached to change the current testing strategy.
The gold standard to assess response to specific treatments remains the detection of free parasites in the patient's blood (Cerisola et al. 1971) or tissues (Schijman et al. 2004) , which permits clear observation of failure of treatment. In the past, xenodiagnosis was the main test used to test for circulating parasites . Several studies have indicated that the rates of positive xenodiagnostic testing in children and adults were no more than 5-10% after treatment (Cerisola 1977 , Viotti et al. 1994 , Sosa-Estani et al. 1998 , Streiger et al. 2004 , Fabbro et al. 2007 ). However, Gallerano and Sosa (2000) showed a higher rate of positive xenodiagnostic testing when they used benznidazol, nifurtimox or allopurinol. However, this drug (allopurinol) did not show consistent results when tested in clinical trials ). An evaluation of pre and post-treatment with benznidazole carried out with haemocultures showed an efficacy of 89% in adults treated in the ongoing chronic phase of infection (de Castro et al. 2006) , reiterating what was shown in other trials using xenos testing.
The sensitivity of xenos (if applied only once) in patients during the chronic phase before treatment is around 30% in adult patients (Schenone et al. 1968 ) and 50% in children (Sosa-Estani et al. 1998) . After treatment, the range of positive xenos is from 0-5% (Fig. 2) . If we apply the same xenos sensitivity rate after treatment, we can assume a failure rate between 1-30%.
Five randomised clinical trials using anti-trypanosomal drugs showed a beneficial effect on serological conversion of patients with chronic CD. Overall, benznidazole reduced the proportion of positive xenos in both children and adults by about 80% and led to an 11-fold increase in the rate of negative seroconversion (Villar et al. 2002) .
Methods to detect the parasite's genomic fragments in tissues and body fluids using PCR have proved to be promising tools for the assessment of therapeutic effectiveness (Britto et al. 1995 , Solari et al. 2001 , Galvão et al. 2003 , Duarte et al. 2006 , Diez et al. 2007 ). There is consensus that, even with limitation, it will be a useful tool to improve the assessment of treatment efficacy. The PCR technique has shown greater rates of effectiveness over a given follow-up period than conventional serology. Additionally, this technique may provide an opportunity to shorten the evaluation period for trypanocidal treatment effectiveness (Sosa-Estani & Segura 2006). More recently, a cross-sectional study has shown a significant decrease in IFN-gamma-producing T cells specialised for a T. cruzi lysis in a treated patient group compared to a non-treated group . Although more research is needed, the detection of this specific immune response after treatment could be useful as a complementary measure to the detection of antibodies, parasites and parasite DNA to access treatment (Bustamante et al. 2008) .
Prior determinations of therapeutic success have been based on demonstrating disappearance of antibodies using serological tests. Therapeutic failure, conversely, is associated with the persistence of parasite detection using parasitological testing (Sosa-Estani & Segura 2006) . If parasite persistence is identified and correct drug administration is verified, it is necessary to consider the tive by serological test, 14 (28,6%) remained positives and six (12,2%) were discordant; e: xenodiagnosis performed on 29 children treated; f: 133 post treatment xenodiagnosis were performed on 41 patients on patients of treated group and 29 were performed on 14 untreated patients; g: among nine patients reactives to age 13 before treatment; CS: conventional serology; ND: not done; PPA: passive particle agglutination; semiquantitative ELISA (CMA-ELISA).
possibility that the parasite has developed resistance (Murta et al. 1998 , Dos Santos et al. 2008 The demonstration of treatment failure of one of the available drugs (benznidazole or nifurtimox) in patients with acute illness requires the use of the other medication (MSA 2006) . There is no evidence if this strategy is beneficial in patients in the chronic phase.
Possible regional differences (host, T. cruzi strain etc.) have also been described (Cerisola 1977) . Recent studies suggest that the amount of the time lapsed before it is possible to demonstrate a cure in children using serological tests shows regional differences and cure can be detected earlier in Central America and the northern regions of South America, including the Amazon Region (Morote et al. 2008 ) than in can be detected in the Southern Cone of America (de Andrade et al. 1996 , Sosa-Estani et al. 1998 , Streiger et al. 2004 .
After etiologic treatment, even in cured patients, antibodies remain for a long period of time (years) before becoming negative. Because of this phenomenon, it will be necessary to introduce a question regarding "whether he/she received treatment in the past" when taking a history from a patient with reactive serology. Given an affirmative answer, we must consider whether this reactivity is an active infection or if the patient is in the process of becoming negative.
A change of paradigm in chronic disease: current treatment recommendations
In 1994, two studies almost simultaneously demonstrated clear findings that the T. cruzi parasite was likely to be responsible and important in the development of cardiomyopathy. One clinical study described the simultaneous reduction of ECGphic changes and halted progression of heart disease after CD treatment that reduced antibody titres or resulted in seronegative conversion (Viotti at al. 1994) . The other study was the first to describe the technique using PCR to detect the presence of T. cruzi DNA in cardiac tissue of chronic chagasic patients (Jones et al. 1993) . These studies were the precursors of a new hypothesis regarding the development of CD-related cardiomyopathy, since they demonstrated an important role of the etiological agent in the abnormal immune response and its persistence (Zhang & Tarleton 1999) .
Several clinical studies in Argentina that compared the disease evolution of treated and untreated patients have shown a reduction of as much as 75% in the progression of heart disease in the treated patients. Similar results have been described in other countries as well (Fragata Filho et al. 1995 . However, some researchers have not observed differences between treated and untreated patients (Storino et al. 1998 , Lauria-Pires et al. 2000 , Manzullo 2001 ). The main results of the experience in Argentina related to the treatment of adult patients with chronic CD are summarised in Table  II. The pathogenesis of chronic chagasic cardiomyopathy is still not completely understood, although the persistence of T. cruzi leading to inflammation and changes in the host's immune response appear to be the key factors in the progression to myocardial damage.
An integrated pathogenic interpretation of chronic chagasic myocarditis should explain (i) why the presence of small parasite fragments is necessary for the production of lesions; (ii) the molecular process that induces lesions in situ; (iii) the mechanisms of inflammation at both the cellular and molecular level and (iv) the immunological and non-immunological mechanisms that amplify myocarditis. The relationships between (i) persistent parasite levels, (ii) the immunological status of the host and (iii) the phenotypic characteristics of the parasite strains as possible determinants of the magnitude of cardiac lesions are likely to be determined in the near future. In the meantime, CD should be treated as a parasitic disease with the primary objective being to reduce the parasite load in order to improve the effectiveness of the immune response and to reduce disease progression to cardiomyopathy (Fig. 1B) . These experiences and the consensuses of expert opinions that have recently been published as both guides and treatment protocol updates in different countries (Sosa-Estani & Segura 2006 , Bern et al. 2007 , Gascón et al. 2007 ) maintain that etiological treatment should be offered to all patients with reactive anti-T. cruzi serology until 50 years of age. Two randomised clinical trials are in progress to confirm the present accumulation of evidence (Reyes & Vallejo 2005 , Marin-Neto et al. 2008 ).
Tolerance and adherence
During treatment, patients must be under continuous medical supervision. In our experience, treatment tolerance has been good and patients have not demonstrated serious side effects (Viotti et al. 1994 , 2006a , Sosa-Estani et al. 2002 . Although cases with severe side effects have been reported, they have generally been associated with difficulties in seeking timely medical attention or receiving adequate care. It is known that both treatment drugs have significant side effects, including anorexia, vomiting, peripheral polyneuropathy, bone marrow depression and allergic dermatitis; consequently, treatments must be discontinued when side effects are noted. Laboratory tests showed normal bilirubin values, with rare cases of elevated transaminases (Sosa-Estani et al. 1998 . Side effects are more frequently observed in adolescents and adults than in children and babies. In all cases, side effects disappeared when the dose was decreased or the treatment suspended. After 15 years of follow-up, the children who did experience side effects and who underwent clinical examination did not show any pathological signs or symptoms associated with the event.
Reversible clastogenesis and mutagenesis with benznidazole and nifurtimox without any associated manifestations have been reported (Moya & Trombotto 1988 , Gorla et al. 1989 . Conversely, toxicity has been described in other tissues (de Mecca et al. 2008) . For instance, an increased risk of lymphomas was found in experimental animals (Teixeira et al. 1990) . Although a higher incidence of neoplasms was reported in a few T. cruzi-infected heart transplant recipients, no increase in incidence in human lymphoma rates has been reported among the larger population of treated patients in countries where the two drugs have been in use for decades (Kirchhoff 1993) . Ultimately, definitive data on this issue are lacking.
Adequate management of side effects is necessary to carry out treatment as well as to diminish unfounded fears associated with the use of benznidazole (Sosa-Estani et al. 2004 , Viotti et al. 2009 ).
Prevention of transmission and reactivation
To break the chain of T. cruzi transmission, it is hypothesised that etiological treatment of infected children, potential blood donors and women of reproductive age can prevent transmission related to congenital transmission of the parasite (Sosa-Estani & Segura 2006). However, to this point, etiological treatment with currently available drugs is not recommended for pregnant women (PAHO 1999) .
Conversely, immunocompromise due to immunosuppressive therapies (Diez et al. 2007 ) and the spread of HIV/AIDS increases the risk of reactivation in patients with chronic infection (Cordova et al. 2008) . Even though the effectiveness of etiological treatment for the control of reactivation episodes has been demonstrated, it is necessary to gather evidence as to whether preventive treatment is effective in patients with no signs of clinical reactivation who have altered immunological parameters (de Andrade Nishioka 2000). Some protocols recommend treating organ donors infected with T. cruzi to reduce the risk of transmission by transplantation (Altclas et al. 2005) .
New ways to address old needs
During the past decade, numerous pharmacological studies have demonstrated the existence of significant pharmacokinetic and pharmacodynamic differences between adults and children (Reed 1999 , Standing & Tuleu 2005 and studies describing the kinetics of benznidazole are being carrying out (Garcia-Bournissen et al. 2009 ). Every year, the National Chagas Programs detect thousands of children infected in the chronic or earlier stages who require treatment. At this time, the only trypanocidal chemotherapeutic drugs available for CD are in solid dosage forms; therefore, pediatric formulations are still needed (Sosa-Estani et al. 2005). Studies are being conducted to create new formulations in solution (Lamas et al. 2006) , suspension, and solid dissolvable tablet forms in pediatric concentrations (DNDi 2009) .
Research on treatment alternatives should be targeted towards new drugs that allow shorter treatment courses with fewer adverse reactions and towards the improvement of tools to confirm cure after patients receive treatment during the chronic phase. Some strategies, such as compound screens, are being used for looking for new treatments (Urbina et al. 1998 , Garzoni et al. 2004 , Hudock et al. 2006 , Ferraz et al. 2007 ) as complement to develop new compounds (DNDi 2009). Combinations of compounds with different mechanisms of action have also been mentioned as another way to look for new treatment alternatives (Banaim et al. 2006 , Croft 2008 , Francisco et al. 2008 .
Recommendations for appropriate care of patients are increasing, putting the emphasis of care on the Primary Health Care System and using other levels of care when necessary (PAHO/WHO 2005) . Additionally, psychological aspects should be incorporated into patient care (de Oliveira 2006 ). The health system must implement all currently approved and issued recommendations (PAHO/WHO 2006 , Jannin & Villa 2007 .
Recently, the Minister of Health of Argentina (2007) approved a new health care system with a mandatory protocol for the care of infected patients (Public, Social Security, Health and Private Insurance) to provide the specific care needed, including etiological treatment when it is recommended by the official guidelines of the Health Ministry.
Based on the current disease understanding, there is consensus that every patient infected with T. cruzi during the early chronic infection phase (i.e., infected children under 16 years old) must be treated, and there is a trend towards offering treatment to adult patients with reactive anti-T. cruzi serology. Treatment can cure infection and reduce or prevent the progression to Chagas related heart disease/cardiomyopathy. The search for better drugs to find a solution for the eight million infected people is one challenge that must be addressed. In the meantime, benznidazole and nifurtimox continue to be the only drugs approved as effective treatments for T. cruzi. 
